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METHOD AND APPARATUS FOR MOLDING C ERAMIC SHEET 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a method and 
an apparatus for molding a ceramic sheet used, for 
example, for a laminated exhaust gas sensor and a 
laminated heater. 

2. Description of the Related Art 

The doctor blade method (casting method) and 
the extrusion molding method are known for molding a 
ceramic sheet. 

Generally, a ceramic sheet is molded by the 
doctor blade method. In this method, ceramic powder is 
mixed with an organic binder, a solvent, etc. to produce 
a slurry. The slurry is injected into a dam having a 
doctor blade arranged on a carrier film, and the carrier 
film is moved at a predetermined speed in a predetermined 
direction. As a result, the slurry flows out 
continuously from the gap between the doctor blade and 
the carrier film. After that, the slurry is dried 
together with the carrier film and separated from the 
carrier film thereby to produce a ceramic sheet of a 
predetermined thickness. 

The doctor blade method, however, requires the 
use of a slurry with a large amount of solvent added 
thereto, and therefore a large number of pores are formed 
in the dried sheet after volatilization of the solvent. 
The presence of a large number of pores causes such 
inconveniences as a reduction in the ceramic powder 
filling factor, an increased burning shrinkage and 
variations of the burning shrinkage. This poses the 
problem of variations of the product size. 

It is very difficult to maintain the thickness 
of a slurry. Therefore, a thick sheet cannot be molded 
from a slurry. When manufacturing a product using a 



thick sheet, therefore, the problem is posed that an 
appropriate number of thin sheets are required to be 
stacked. 

Also, it is very difficult to acquire 
monodisperse ceramic powder having a uniform grain size 
distribution. Therefore, the grain size distribution of 
the ceramic powder has a certain margin. Even if a thick 
sheet could be molded by the doctor blade method, 
ceramics of larger grains naturally sediment faster in 
the slurry in the drying process. Thus, a density 
difference occurs between the upper surface portion and 
the lower surface portion of the sheet. As a result, a 
difference of the burning shrinkage occurs between the 
upper and lower surfaces, thereby posing the problem of a 
warped product. This problem may be caused also with a 
thin sheet processed by the doctor blade method. 

In the extrusion molding method, on the other 
hand, the filling factor of ceramic powder is so high 
that a thick sheet can be molded. 

The extrusion molding is of two types, plunger 
and screw (auger). The extrusion molding of a plunger 
type is a method in which a ceramic material is filled in 
a mold and extruded from the mold by piston, and can 
produce a predetermined fluidity depending on the manner 
in which the ceramic material is filled. Nevertheless, 
the disadvantage of this method is that the ceramic 
material cannot be extruded continuously. 

The extrusion molding of screw type, on the 
other hand, is a method in which the ceramic material is 
continuously extruded from a mold by rotating a screw. 
Due to the variations of fluidity of the ceramic material 
in the screw extruder, however, an attempt to mold a 
wide, thin sheet using an extruder having a screw of a 
small diameter would partially increase or decrease the 
molding pressure, resulting in an irregular flow of the 
ceramic material which in turn leads to wrinkles in the 
sheet. 



Various solutions to this problem have been 
proposed as described below. 

( 1 ) The pressure exerted on the ceramic 
material is sufficiently equalized by increasing the 

5 screw diameter. This solution can prevent the generation 
of wrinkles on the sheet but leads to a very bulky screw 
extruder. As a result, when changing the ceramic 
material, the disassembly and cleaning process requires a 
great number of steps. Also, since a greater amount of 
10 ceramic materials are left in the apparatus, the yield of 
the material is considerably deteriorated. 

(2) Japanese Unexamined Patent Publication No. 
63-307903 discloses a technique for the plunger type, in 
which the flow rate of the sheet is substantially 

15 equalized at the ends and the central portion of the 

sheet by setting the temperature higher at the ends than 
at the central portion of the sheet. For the screw type 
of extrusion molding, however, unlike the plunger 
version, the flow rate at the central portion is not 

2 0 always high, and therefore the flow rate adjustment is 

impossible in the case where the flow rate at the ends or 
a given portion is higher. Therefore, this technique is 
not directly applicable to the screw type of extrusion 
molding. Even if applicable, many defects would be 

2 5 caused in the sheet in the case where the screw diameter 
is large. 

(3) Japanese Unexamined Patent Publication No. 
61-125805 proposes a technique for regulating the flow 
rate by extending or retracting a rectification block. 

30 However, this is intended for applications to thick, wide 
sheets and fails to achieve the object of the present 
invention. 

(4) Japanese Unexamined Patent Publications 
No. 9-328366 and No. 10-152379 propose a technique in 

35 which the fluidity of the ceramic material (body) can be 
improved by changing the plasticizer or the like added to 
the body to produce a uniform sheet. This method, 



however, poses the problem that a change in the 
composition of the additive changes the various ceramic 
characteristics including the burning shrinkage resulting 
in different product performance. 
5 In spite of the various techniques thus far 

proposed as solutions to prevent the wrinkling of a 
ceramic sheet as described above, an effective solution 
for the screw extruder has yet to be discovered. 
Especially, a method has not yet been established for the 
10 extrusion molding of a wide, thin ceramic sheet in the 
screw extruder which can suppress wrinkling. 
SUMMARY OF THE INVENTION 

The present invention has been developed in view of 
the problem points of the prior art described above, and 

15 the object thereof is to provide a method and an 
apparatus for molding a ceramic sheet, in which a 
comparatively wide, thin ceramic sheet can be extrusion 
molded while suppressing the wrinkling using a screw 
extruder of a small diameter. 

20 According to a first aspect of the invention, there 

is provided a method of molding a ceramic sheet using a 
molding apparatus having an extruder of screw type and a 
mold arranged at the forward end portion of the extruder, 
wherein the ceramic material introduced into the extruder 

2 5 is molded into a sheet by extrusion from the mold, and 

wherein the ceramic material passing through the mold is 
divided into a plurality of transverse areas, for each of 
which the temperature is regulated in the process of 
extrusion molding. 

30 What is most noticeable about this aspect of the 

invention is that the ceramic material passing through 
the mold is extrusion molded while regulating the 
temperature of each of a plurality of transverse areas 
into which the mold is divided. 

35 The mold is preferably divided into three or more 

transverse areas. As a result, at least the central 
portion can be temperature-regulated separately from the 



side portions. A specific number of areas into which the 
mold is to be divided can be appropriately selected in 
accordance with the width, etc. of the ceramic sheet to 
be molded. 

5 The functions and effects of this aspect of the 

invention will be explained below. 

In this aspect of the invention the ceramic 
material being passed through a mold is extrusion molded 
while regulating the temperature of a plurality of 

10 transverse areas into which the mold is divided. As a 

result, the transverse difference of the molding rate and 
the resulting geometrical deformation of the ceramic 
sheet can be accurately suppressed. 

In the case where the central area of the ceramic 

15 material passing through the mold is corrugated 

(wrinkled) due to a higher molding rate, for example, the 
temperature of the central area is kept relatively low. 
Specifically, the temperature of the central area is 
reduced and/or the temperature of the other areas is 

20 increased. 

In this way, the temperature of the area 
corresponding to the transverse central portion of the 
ceramic material passing through the mold is relatively 
decreased and so is the fluidity thereof. This 

2 5 phenomenon occurs due to the correlation between the 
fluidity and the temperature of the ceramic material. 
The relative decrease of fluidity in the central area of 
the ceramic material leads to the relative decrease of 
the extrusion molding rate in the particular area. As a 

30 result, the ceramic sheet is extruded out of the mold at 
a substantially uniform extrusion molding rate in 
transverse direction, thereby improving the shape of the 
ceramic sheet free of wrinkles. 

Even in the case where a wrinkle is not generated in 

35 the central area but in other portions, the relative 

decrease of the temperature of the ceramic material 
passing through the mold in the area corresponding to the 



particular portions can cause the relative decrease of 
the fluidity and the relative decrease of the extrusion 
molding rate at the particular area. As a result, the 
extrusion molding of the ceramic sheet extruded from the 
5 mold is corrected to a transversely uniform rate, with a 
shape improved to be free of wrinkles . 

According to this aspect of the invention, the shape 
can be positively corrected as described above. Even a 
comparatively wide, thin ceramic sheet which has 

10 conventionally failed to be successfully extrusion molded 
and wrinkled in the screw extruder can be molded smoothly 
to a very excellent shape. 

Thus, according to this aspect of the invention, 
there is provided a method of molding a ceramic sheet, in 

15 which even a comparatively wide, thin ceramic sheet can 
be extrusion molded while suppressing the wrinkling in a 
screw extruder. 

According to a second aspect of the invention, there 
is provided a method for molding a ceramic sheet, in 

20 which the correlation data on the molding rate of ceramic 
sheet to be extrusion molded is obtained by measurement 
for the portion corresponding to each area, and the 
temperature is preferably regulated based on the 
correlation data on the molding rate thus obtained. In 

2 5 this way, the temperature can be regulated automatically 
even in the case where the condition of the ceramic 
material extruded into the mold from the extruder is 
liable to change, thereby making it possible to control 
the shape of the ceramic sheet more accurately. The 

30 correlation data on the molding rate for each area 

described above may be the molding rate data obtained by 
a non-contact speed sensor or may be the geometrical data 
or the displacement data correlated with the molding 
rate. This is by reason of the fact that the difference 

35 in molding rate is reflected in the sheet shape by 

wrinkles and corrugations. Therefore, the measurement of 
the shape and displacement can replace the molding rate 



data. 

According to a third aspect of the invention, there 
is provided a method for molding a ceramic sheet, wherein 
the outer diameter d of the screw built in the extruder 
5 and the width W of the ceramic sheet preferably hold the 
relation W k 3d. Specifically, a thin ceramic sheet 
having a width W more than 3d is liable to wrinkle. 
According to this aspect of the invention, the superior 
functions and effects described above are exhibited and 

10 the wrinkling or the like can be prevented. 

According to a fourth aspect of the invention, there 
is provided a method for molding a ceramic sheet, wherein 
the outer diameter d of the screw built in the extruder 
and the width W of the ceramic sheet may hold the 

15 relation W ^ 5d. Although wrinkles are more easily 
developed in this case, the superior functions and 
effects described above can be exhibited positively and 
thus the wrinkling can be prevented. 

According to a fifth aspect of the invention, there 

2 0 is provided a method for molding a ceramic sheet, wherein 
the outer diameter d of the screw built in the extruder 
is preferably not more than 7 0 mm. In this case, the 
whole screw extruder can be built in compact form, and 
the disassembly work for replacing parts or materials can 

2 5 be performed by a single worker. Thus, the molding 

process can be simplified and the number of molding steps 
can be reduced. On the other hand, the smaller the outer 
diameter of the screw of the screw extruder, the more 
difficult it is to produce a wide ceramic sheet. 

3 0 According to this invention, however, the functions and 

effects described above can be exhibited, and therefore 
even a wide ceramic sheet which has conventionally been 
difficult to produce can be molded in a superior shape. 
Also, by reducing the screw diameter to 7 0 mm or 
35 less, the internal volume of the screw extruder can also 

be reduced. As a result, the amount of air introduced 



into the screw extruder can be reduced, so that air is 
prevented from mixing with the ceramic sheet produced for 
an improved product quality. The prevention of air from 
mixing in the ceramic sheet can also suppress the 
5 internal defects of the ceramic sheet. Further, an 
insulation failure or cracking can be prevented in 
electrical applications of the ceramic sheet as an 
electrical insulating material. 

According to a sixth aspect of the invention, there 

10 is provided a method for molding a ceramic sheet, wherein 
the thickness of the ceramic sheet is preferably not more 
than 1.5 mm. The width of the ceramic sheet having a 
thickness not more than 1.5 mm cannot conventionally be 
increased as wrinkles would otherwise develop. According 

15 to this aspect of the invention, on the other hand, the 
functions and effects can be exhibited considerably even 
with the thickness of not more than 1.5 mm, and even a 
wide ceramic sheet which has conventionally been 
difficult to produce can be molded in a superior shape. 

2 0 According to a seventh aspect of the invention, 

there is provided a method for molding a ceramic sheet, 
wherein the thickness of the ceramic sheet may not be 
more than 300 \xm. In this case, wrinkles are more liable 
to develop. Nevertheless, the molding in an excellent 
25 shape is made possible by the superior functions and 
effects exhibited as described above. 

According to an eighth aspect of the invention, 
there is provided a method for molding a ceramic sheet, 
wherein the mold includes a plurality of retractable 

3 0 rectification plates arranged to change the flow 

resistance. The extrusion molding can thus be carried 
out while adjusting the flow resistance of the ceramic 
material by extending/retracting the rectification plate 
while at the same time regulating the temperature. In 
35 this case, wrinkles or the like irregular shapes can be 
corrected more effectively by controlling the physical 
flow resistance by extension/retraction of the 



rectification plates in addition to the temperature 
regulation for each area. 

According to a ninth aspect of the invention, there 
is provided an apparatus for molding a ceramic sheet, 
5 comprising a screw type of extruder and a mold arranged 
at the forward end of the extruder for extrusion molding 
a ceramic material introduced into the extruder to form a 
ceramic sheet, wherein the mold includes means for 
regulating the temperature of the portion of the ceramic 

10 sheet corresponding to each one of the transverse areas 

into which the mold is divided. 

What is most noticeable about this aspect of the 
invention is that the temperature regulation means for 
regulating the temperature of the ceramic material is 

15 arranged in each of the areas. 

The temperature regulation means can employ any of 
various methods as described later. The mold is 
preferably divided into at least three transverse areas 
to make it possible to control at least the central 

20 portion and the end portions. 

Also, the temperature regulation means can be 
arranged on one or both of the upper and lower dies of 
the mold. In the case where the temperature regulation 
means is arranged on both the upper and lower dies, the 

25 mold can be divided transversely in the same number or 
different numbers of areas for both the upper and lower 
dies . 

Now, the functions and effects of the molding 
apparatus according to this aspect of the invention will 

30 be explained. 

The mold of the molding apparatus according to this 
aspect of the invention has the temperature regulation 
means as described above. In the case where a ceramic 
sheet is extrusion molded using this molding apparatus, 

35 therefore, the ceramic material passing through the mold 
can be extrusion molded while regulating the temperature 
thereof by the temperature regulation means for each of a 
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plurality of portions of the ceramic sheet corresponding 
to the transverse areas into which the mold is divided. 
As a result, a very excellent molding method can be 
positively implemented. 
5 In this aspect of the invention, there is provided a 

ceramic sheet molding apparatus in which a comparatively 
wide, thin ceramic sheet can thus be extrusion molded by 
the screw extruder while suppressing the wrinkling. 

According to a tenth aspect of the invention, there 

10 is provided an apparatus for molding a ceramic sheet, 

wherein the temperature regulation means preferably 
includes a chamber associated with each of the areas into 
which the mold is transversely divided, and a heating 
medium circulation means included in each chamber for 

15 circulating a heating medium to heat or cool the 

material. In this case, the temperature of the ceramic 
material in each area can be easily regulated by 
controlling the flow rate or the temperature of the 
heating medium circulated in each chamber. 

20 According to an 11th aspect of the invention, there 

is provided an apparatus for molding a ceramic sheet, 
wherein the temperature regulation means can include a 
heater controllable for each of the areas into which the 
mold is divided transversely. In this case, the 

25 temperature of the ceramic material in the respective 
areas can be increased separately from each other by 
differentiating the heating capacity of each heater. 
Also, the heater can be used with the heating medium 
circulated in the chamber, in which case the temperature 

30 can be regulated easily by any combination of various 
heating or cooling factors, thereby improving the 
temperature control accuracy. 

According to a 12th aspect of the invention, there 
is provided an apparatus for molding a ceramic sheet, 

35 preferably comprising a molding rate correlation data 
measuring means for measuring, for each corresponding 
area, the molding rate of the ceramic sheet extruded from 
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the mold, and control means for controlling the 
temperature regulation means based on the molding rate 
correlation data acquired from the molding rate 
correlation data measuring means. in this case, the 
5 temperature regulation means can be controlled accurately 
in accordance with the molding rate distribution fed back 
from the molding rate correlation data measuring means. 

The molding rate correlation data measuring means is 
not confined to a speed sensor for measuring the molding 

10 rate directly, but may be an indirect measuring means 

such as a shape sensor, a displacement sensor, etc. which 
is controlled to measure the shape or displacement 
correlated with the molding rate. 

According to a 13th aspect of the invention, there 

15 is provided an apparatus for molding a ceramic sheet, 

wherein the outer diameter d of the screw built in the 
extruder and the width W of the ceramic sheet preferably 
hold the relation w ^ 3d. In this case, as in the cases 
described above, the effect of preventing the wrinkling 

20 can be exhibited especially conspicuously. 

According to a 14th aspect of the invention, there 
is provided an apparatus for molding a ceramic sheet, 
wherein the outer diameter d of the screw built in the 
extruder and the width w of the ceramic sheet may 

25 alternatively hold the relation W £ 5d. In this case, 
too, as in the cases described above, the effect of 
preventing the wrinkling can be exhibited conspicuously. 

According to a 15th aspect of the invention, there 
is provided an apparatus for molding a ceramic sheet, 

30 wherein the outer diameter d of the screw built in the 
extruder is preferably not more than 70 mm. in this 
case, as in the cases described above, the whole screw 
extruder can be reduced in size to a comparatively 
compact form, and the disassembly work including the job 

35 of replacing the materials can be carried out by a single 
worker. Thus, the process can be rationalized and the 
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number of the production steps can be reduced, while at 
the same time effectively preventing wrinkling, etc. 
Also, as described above, the intrusion of air into the 
ceramic sheet produced can be suppressed. 
5 According to a 16th aspect of the invention, there 

is provided an apparatus for molding a ceramic sheet, 
wherein the thickness of the ceramic sheet is preferably 
not more than 1.5 mm. In producing a ceramic sheet 
having a thickness of not more than 1.5 mm, the width 

10 thereof cannot be increased sufficiently as wrinkles 
would otherwise be caused. In spite of this, the 
functions and effects described above can be exhibited 
conspicuously in this range according to this invention. 
According to a 17th aspect of the invention, there 

15 is provided an apparatus for molding a ceramic sheet, 

wherein the thickness of the ceramic sheet is preferably 
not more than 300 \m. In this case, as described above, 
the ceramic sheet is more liable to wrinkle. 
Nevertheless, the aforementioned functions and effects 

20 makes it possible to mold the ceramic material in an 
excellent shape. 

According to an 18th aspect of the invention, there 
is provided an apparatus for molding a ceramic sheet, 
wherein the mold preferably includes a plurality of 

25 rectification plates arranged in retractable manner for 

changing the flow resistance of the ceramic material. In 
this case, the shape of the ceramic sheet can be 
corrected even more effectively by controlling both the 
temperature regulation means and the rectification 

30 plates. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram for explaining the configuration 
of a molding apparatus according to a first embodiment of 
the invention. 

3 5 Fig. 2 is a diagram for explaining the configuration 

of the upper portion of the cross section of a mold 
according to the first embodiment of the invention. 
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Fig. 3 is a diagram for explaining the configuration 
of the longitudinal section of the mold orthogonal to the 
direction of extrusion according to the first embodiment 
of the invention. 
5 Fig. 4 is a diagram for explaining the configuration 

of a dryer according to the first embodiment of the 
invention. 

Figs. 5(a), 5(b) and 5(c) are diagrams showing a 
ceramic sheet yet to be reshaped according to the first 
10 embodiment of the invention. 

Fig. 6 is a diagram for explaining the configuration 
in the longitudinal section of a mold parallel to the 
direction of extrusion according to a second embodiment 
of the invention. 
15 Fig. 7 is a diagram for explaining the configuration 

of the upper portion of the cross section of a mold 
according to the second embodiment of the invention. 

Fig. 8 is a diagram for explaining the configuration 
of the upper portion of the cross section of a mold 
20 according to a third embodiment of the invention. 

Fig. 9 is a diagram for explaining the configuration 
of the longitudinal section of a mold orthogonal to the 
direction of extrusion according to the third embodiment 
of the invention. 
25 Figs. 10(a) and 10(b) are diagrams for explaining 

the configuration of the upper and lower portions, 
respectively, of the cross section of a mold according to 
a fourth embodiment of the invention. 

Fig. 11 is a diagram for explaining the 
3 0 configuration of the longitudinal section of a mold 

orthogonal to the direction of extrusion according to the 
fourth embodiment of the invention. 

Fig. 12 is a diagram for explaining the 
configuration of the longitudinal section of a mold 
35 orthogonal to the direction of extrusion according to a 
fifth embodiment of the invention. 

Fig. 13 is a diagram for explaining the 
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configuration of the temperature regulation means 
according to a seventh embodiment of the invention. 

Fig. 14 is a diagram for explaining the relation 
between the outer diameter of the screw and the number of 
5 internal defects according to an eighth embodiment of the 
invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(First embodiment) 

A method and an apparatus for molding a ceramic 
10 sheet according to an embodiment of the invention will be 
explained with reference to Figs. 1 to Figs. 5(a) to 
5(c) . 

A ceramic sheet molding apparatus 1 according to 
this embodiment, as shown in Fig. 1, comprises screw- type 

15 extruders 2, 3 and a mold 11 arranged at the forward end 
of the extruder 2, wherein a ceramic material 80 
introduced into the extruder 2 is extrusion molded into a 
ceramic sheet 8 by way of the mold 11. 

The mold 11 includes temperature regulation means 5 

20 for regulating the temperature of the ceramic material 80 
passing through the mold 11 in each of a plurality of 
areas into which the mold 11 is transversely divided. 
A detailed explanation will be given below. 
The molding apparatus 1 according to this 

25 embodiment, as shown in Fig. 1, comprises the screw- type 
extruders 2 , 3 in two stages and the mold 11 arranged at 
the forward end of the low-stage extruder 2 . 

The mold 11, as shown in Figs. 1 and 2, shaped like 
a circular pipe having one side thereof crushed, has a 

30 progressively smaller height and a progressively larger 
width toward the forward end thereof. As shown in Fig. 
1, the mold 11 has, at the forward end thereof, a pair of 
bases 121, 122 for limiting the thickness of the ceramic 
sheet 8 extrusion molded. The upper base 121 is arranged 

35 to be retractable by changing the amount by which an 

adjust screw 125 is forced in, and thus the gap between 
it and the lower base 122 can be adjusted. 
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The temperature regulation means 5 of the mold 11, 
as shown in Figs. 1 to 3, includes chambers 51 arranged 
for the respective areas into which the mold 11 is 
transversely divided, and heating medium circulation 
5 means 6 0 for circulating a heating medium 6 in the 
chambers 51 to cool the material. 

The chambers 51 according to this embodiment, as 
shown in Figs. 2, 3, are formed in the three upper and 
lower areas into which the mold is transversely divided. 

10 Each chamber includes an inlet 511 and an outlet 512 of 
the heating medium, to which the circulation pipes 621, 
622 of the heating medium circulation means 60 are 
connected, respectively. 

The heating medium circulation means 60 is so 

15 configured that the heating medium 6 can be circulated in 
each chamber 51 from a heating medium tank through a 
pump, a solenoid valve, etc. The heating medium 
circulation means 60 can be controlled by any of various 
methods and can be configured in any of various ways. As 

20 in an embodiment described later, for example, the 

automatic control by feed back can be employed. In the 
present embodiment, however, the automatic control is not 
employed, but the temperature and the flow rate of the 
heating medium 6 supplied to each chamber 51 for cooling 

25 the material are regulated manually. 

Also, as shown in Fig. 1, the screw- type extruders 
2, 3 are configured of extrusion screws 22, 23 including 
shaft members 221, 321 and lead portions 222, 322 
spirally wound around the shaft members 221, 321, 

30 respectively. The extrusion screws 22, 23 are built in 

housings 21, 31, respectively. The extrusion screws 22, 
23 according to this embodiment have an outer diameter 
(the outer diameter of the lead portion) d of <J>3 0 mm. A 
vacuum chamber 4 is arranged between the two extrusion 

35 screws 22, 23. Also, a material supply portion 39 for 

introducing the ceramic material 80 is arranged at the 
upper rear portion of the upper extruder 3 . 
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The material supply portion 39, as shown in Fig. 1, 
has an opening 3 90 in the shape of inverted 
parallelepiped and a pair of push-in rollers 392 arranged 
at the lower left and right sides. The push-in rollers 
5 392 are so configured as to bite into the ceramic 

material 80 loaded between the push-in rollers 392 and 
send it into the lower extruder 3. 

The vacuum chamber 4 is so configured that the 
interior thereof can be evacuated by a pump 55 to degas 

10 the ceramic material 80 extruded from the upper extruder 
3. Further, a pair of push-in rollers 292 similar to 
those for the material supply portion 3 9 are arranged in 
the vacuum chamber 4 . 

This embodiment further comprises a dryer 7 by which 

15 a ceramic sheet 8 molded by a molding apparatus 1 is 
dried and wound up in a coil. The dryer 7 includes a 
belt conveyor 71 having a pair of pulleys 711, 712 and a 
belt 713 driven by the pulleys 711, 712. The belt 
conveyer 71 has also arranged thereon a heater chamber 73 

20 through which the belt 713 passes. The heater chamber 73 
includes a case 730 for encasing a heater 731 and a 
temperature sensor 732. A heater controller 735 controls 
the heater 731 based on the measurement of the 
temperature sensor 732 thereby to maintain a 

25 predetermined temperature. 

The belt conveyer 71 includes, on the entrance side 
thereof, a displacement sensor 741 for measuring the 
amount of displacement of the ceramic sheet 8 extrusion 
molded, and a speed control unit 74 for controlling the 

30 speed of the belt conveyer to assure a predetermined 

amount of displacement based on the measurement of the 
displacement sensor 741. 

The belt conveyer 71 includes, on the exit side 
thereof, a coiler 75 for spirally winding up the dried 

35 ceramic sheet 8. 

A ceramic sheet 8 was actually molded using the 
molding apparatus 1 . 
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A mixture of 100 parts of alumina powder, 12 parts 
of methylcellulose, 2 parts of glycerin and 20 parts of 
water, by weight, was prepared as a ceramic material 80. 
The size of the ceramic sheet to be molded was set 
5 to the width w (Fig. 2) of 250 mm and the thickness T 

(Fig. 1) of 200 ^im. The mold 11 was formed into a shape 
corresponding to the size of the ceramic sheet 8. Thus, 
the outer diameter d (Fig. 2) of the extrusion screw 22 
of the screw extruder 2 and the width W of the ceramic 
10 sheet 8 hold the relation w £ 3d. 

The first step for molding the ceramic sheet 8 is to 
load the ceramic material 80 of the aforementioned 
composition by way of a material supply portion 39. The 
ceramic material 80 thus loaded is conveyed into the 
15 extruder 3 at a lower position by a pair of push-in 

rollers 392. The ceramic material 80 in the extruder 3 
advances while being kneaded by the extrusion screw 32 in 
rotation and pushed out into the vacuum chamber 4 . The 
ceramic material 80 advanced into the vacuum chamber 4 is 

2 0 sent, in degassed state, to the extruder 2 at a lower 

position by a pair of push-in rollers 292. The ceramic 
material 8 0 in the extruder 2 advances while being 
further kneaded by the rotating extrusion screw 22, and 
after entering the mold 11, is molded and extruded from 
25 the gap between the bases 121, 122. The ceramic sheet 8 
thus pushed out is dried by the dryer 7 and wound up in a 
coil . 

According to this embodiment, in order to correct 
the shape of the ceramic sheet 8 extrusion molded, the 

3 0 ceramic material 80 passing through the mold 11 is 

extrusion molded while at the same time regulating the 
temperature of each of a plurality of portions of the 
ceramic material 80 corresponding to as many areas into 
which the mold 11 is transversely divided. 
35 Specifically, before starting the molding process, 

the heating medium 6 having the temperature of 10 °C is 
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circulated in all the chambers 51 uniformly by the 
heating medium circulation means 60. By observing the 
shape of the ceramic sheet 8 being molded, the 
temperature is decreased of the heating medium 6 
5 circulated in the chamber 51 belonging to the area 

corresponding to a portion wrinkled, if any, under a high 
molding rate and/or the temperature is increased of the 
heating medium 6 circulated in the chamber 51 belonging 
to the other areas. As a result, the fluidity of the 
10 ceramic material 80 passing through the mold 11 is 

adjusted area by area, so that a substantially constant 
molding rate can be secured for transverse portions of 
the ceramic material 80 passing between the bases 121, 
122. 

15 Further, an explanation will be given with reference 

to Figs. 5 (a) to 5(c). As shown in Fig. 5(a), assume 
that the central portion of the ceramic sheet 8 being 
extrusion molded is so high in molding rate that it is 
wrinkled. The temperature of the heating medium 6 

2 0 circulated in the chambers 51 is changed in such a manner 
that the temperature of the portion of the ceramic 
material 80 corresponding to the central area of the mold 
through which it is passing is lower than the temperature 
of the portions of the ceramic material 80 corresponding 

25 to the transverse ends of the mold 11. 

In the case where the transverse end portions of the 
ceramic sheet 8 being extrusion molded are so high in 
molding rate that they have developed wrinkles, as shown 
in Fig. 5(b), on the other hand, the temperature of the 

30 heating medium 6 circulated in each chamber 51 is changed 
in such a manner that the temperature of the transverse 
end portions of the ceramic material 80 corresponding to 
the side end areas of the mold 11 through which the 
ceramic material 80 is passing is reduced to a level 

35 lower than the temperature of the portion of the ceramic 
material 80 corresponding to the central area of the mold 
11. Also, as shown in Fig. 5(c), in the case where the 
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molding rate of a given part of the ceramic sheet 8 is so 
high as to develop a wrinkle there, the temperature of 
the heating medium 6 circulated in each chamber 51 is 
changed in such a manner that the temperature of the 
5 portion of the ceramic material 80 corresponding to the 
particular part of the ceramic sheet 8 passing through 
the mold 11 is reduced to a level lower than the 
temperature of the other parts of the ceramic material 
80. 

10 Unlike in this embodiment, the temperature of the 

heating medium 6 can of course be changed alternatively 
by changing the flow rate of the heating medium 6 and 
thus changing the amount of heat transmission, instead of 
by changing the temperature of the heating medium 6, or 

15 by a combination of the two methods. 

As described above, the use of the molding apparatus 
1 according to this embodiment facilitates the reshaping 
the ceramic sheet 8 into a superior one by operating the 
temperature regulation means 5 in accordance with the 

2 0 shape of the ceramic sheet 8 extruded from the mold 1. 

By carrying out the molding method described by use 
of the molding apparatus according to this embodiment, 
therefore, even a comparatively wide, thin ceramic sheet 
can be extrusion molded in stable manner while preventing 

2 5 it from wrinkling. 

In this embodiment, the outer diameter d of the 
screw is positively reduced to <J>3 0 mm. As a result, the 
size of the screw extruder 2 as a whole can be reduced, 
and the disassembly work such as for changing the 

3 0 material can be performed by a single worker. In this 

way, the process is rationalized and the number of 
molding steps can be reduced. 

Also, in view of the fact that the screw diameter d 
is reduced as described above, the internal volume of the 
35 screw extruder 2 is reduced. As a result, a smaller 

amount of air is introduced into the screw- type extruder 
2 , which in turn can reduce the amount of air mixed with 
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the ceramic sheet 8 produced for an improved quality. By 
thus suppressing the intrusion of air, the chance of an 
insulation failure or cracking of the ceramic sheet 8 
used as an electrically insulating material can also be 
5 reduced. 

(2nd embodiment) 

This embodiment represents a case in which the 
rectification plate 17 for changing the flow resistance 
of the ceramic material 80 is arranged in a retractable 

10 manner in the mold 11 according to the first embodiment. 

Specifically, as shown in Fig. 7, the rectification plate 
17 is arranged inward of the base 121 and segmented into 
five transverse portions, each of which is adapted to 
extend or retract by adjusting the amount by which an 

15 extension/retraction screw 175 is forced in. The other 
points are similar to the corresponding points of the 
first embodiment. 

In this embodiment, the physical flow resistance is 
controlled by extending/retracting the rectification 

20 plate 17 in addition to the temperature regulation of 
each area, thereby further improving the effect of 
correcting the shape such as by removing the wrinkles. 

The other functions and effects are similar to those 
of the first embodiment. 

25 (Third embodiment) 

This embodiment represents a case in which the areas 
of the mold 11 according to the first embodiment are 
changed. In other words, the mold 11 are divided into 
five transverse areas for both the upper and lower dies, 

30 and a chamber 51 is arranged in each area. 

In this case, the number of divisions is greater 
than in the first embodiment, and therefore the 
temperature can be regulated in more detailed manner for 
further improving the effect of reshaping the ceramic 

35 sheet. In the case where a comparatively narrow ceramic 
sheet is molded, however, as many as five areas may not 
be required. In such a case, therefore, the same number 
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of division areas can be employed as in the first 
embodiment to simplify the apparatus and reduce the 
equipment cost at the same time. 

The other functions and effects of the present 
5 embodiment are similar to those of the first embodiment. 
(Fourth embodiment) 

This embodiment, as shown in Figs. 10a, 10b, 
represents a case in which the areas formed in the mold 
11 according to the first embodiment are changed. 

10 Specifically, the upper die of the mold 11 is divided 
into three transverse areas (Fig. 10(a)) and the lower 
die is divided into four transverse areas (Fig. 10(b)), 
in each of which a chamber 51 is arranged. In this case, 
a larger transverse error which may occur in the lower 

15 surface than in the upper surface of the ceramic sheet 8 
can be corrected by adjusting the temperature of the 
lower surface in more detailed manner than that of the 
upper surface. 

The other functions and effects are similar to those 

2 0 of the first embodiment. 

(Fifth embodiment) 

This embodiment represents a case, as shown in Fig. 
12, in which a controllable heater 65 constituting a 
temperature regulation means 5 is arranged for each of 

25 the areas into which the mold is transversely divided, in 

addition to the heating medium circulation means 60. 
Specifically, a chamber 51 having only one undivided area 
is formed in each of the upper and lower dies of the mold 
11, while a plurality of heaters 65 are embedded in the 

30 inner wall of each of the upper and lower dies. 

In this case, the temperature of the whole ceramic 
material 80 passing through the mold 11 is controlled by 
the heating medium 6 circulated in the chambers 51, while 
at the same time operating a part of the heaters 65 

35 thereby to regulate the temperature in a manner similar 
to the first embodiment. The number of transverse 
division areas can be easily increased by changing the 
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intervals between the heaters 65, thereby making possible 
an even more detailed temperature adjustment. The other 
functions and effects of this embodiment are similar to 
those of the first embodiment. 
5 (Sixth embodiment) 

In this embodiment, based on the molding apparatus 
according to the first and third embodiments, ceramic 
sheets 8 of various sizes were molded to test the effect 
of the temperature regulation means 5. 

10 The test was conducted, as shown in Table 1, using 

two types of screw-type extruders 2 , 3 having screw 
diameters of <J>3 0 mm and §50 mm, respectively. The width 
of the ceramic sheet is set at 30 to 250 mm, and the 
thickness thereof at 200 [xm for all the cases. Table 1 

15 also shows the number of transverse division areas 

(control zones) of the mold used for the test, the value 
of w/d and the presence or absence of a wrinkle after 
molding. The upper and lower dies are both divided into 
the same number of areas, i.e. three or five areas, as 

20 shown in Figs. 3 and 9. 

Assume that the temperature regulation means is not 
used for temperature regulation. As understood from 
Table 1, no problem is posed for a W/d of not more than 
2. For a value w/d of 3, however, wrinkles occur 

2 5 sometimes. For a W/d of more than 3, wrinkles always 

occur. In the case where the temperature is regulated by 
the temperature regulation means, in contrast, the 
wrinkle can be sufficiently suppressed and a ceramic 
sheet of superior shape can be molded up to a W/d value 

3 0 of 6 (i.e. even when a W ^ 5d) even for three division 

areas. Further, it is seen that for a W/d of 8.3, a 
small number of wrinkles occur for three division areas, 
while division into five areas can obviate the wrinkling. 
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Table 1 



Screw dia. d 
(mm) 


Sheet 
width W 
(mm) 


W/d 


Temp, regulated or 
not ( number of 
control zones ) 


Wrinkled 
or not 


cj>30 


30 


1 


not regulated 


O 


60 


2 


not regulated 


O 


90 


3 


not regulated 


A 


90 


f 


regulated (3 zones) 


O 


110 


3.6 


not regulated 


X 


110 


t 


regulated (3 zones) 


o 


120 


4 


not regulated 


X 


120 


t 


regulated (3 zones) 


o 


150 


5 


not regulated 


X 


150 


t 


regulated (3 zones) 


o 


180 


6 


not regulated 


X 


180 


t 


regulated (3 zones) 


o 


180 


t 


regulated (5 zones) 


o 


250 


8.3 


regulated (3 zones) 


A 


250 


f 


regulated (5 zones) 


o 


(1)50 


60 


1.1 


not regulated 


o 


150 


2.7 


not regulated 


o 


180 


3.3 


not regulated 


X 


180 


t 


regulated (3 zones) 


o 



O: Satisfactory, A: Wrinkles sometimes, X: Wrinkles 
( Seventh embodiment ) 
5 This embodiment represents a case in which the 

temperature regulation means 5 of the molding apparatus 
1, as shown in Fig. 13, according to the first embodiment 
is automatically controlled. 

As shown in Fig. 13, the temperature regulation 
10 means 5 according to this embodiment includes chambers 51 
arranged in each of five transverse areas into which the 
mold 11 is divided and a heating medium circulation means 
6 0 for circulating the heating medium 6 arranged in each 
of the chambers 51 for cooling the ceramic material. 
15 The heating medium circulation means 60 according to 

this embodiment is so configured as to be controlled by 
feed back in accordance with the molding rate of each 
transverse portion of the ceramic sheet 8 . 

Specifically, first, circulation pipes 621, 622 from 
20 a heating medium tank 61 are connected to an inlet 511 
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and an outlet 512, respectively, of each chamber 51 of 
the mold 11. The circulation pipe 621 connected to the 
inlet 511 has arranged thereon a flow rate control valve 
63 and a pump 64 for controlling the flow rate of the 
5 heating medium circulated in each of the circulation 

pipes 621. According to this embodiment, the circulation 
pipes 621, 622 constitute the same route and branch to 
the opposed areas in the upper and lower dies . 

The flow rate control valve 63 is connected to the 

10 heating medium control unit 67, and the valve opening 

degree is regulated by a valve control instruction from 
the heating medium control unit 67 thereby to adjust the 
flow rate of the heating medium 6. 

Further, the heating medium control unit 67 is 

15 connected to a sheet molding rate evaluation unit 66, and 
is configured to calculate the valve control instruction 
based on a temperature control instruction issued from 
the sheet molding rate evaluation unit 66. 

The sheet molding rate evaluation unit 66, as shown 

20 in Fig. 13, is connected to five molding rate sensors 665 
arranged under the exit side of the mold 11 and is 
configured to calculate the temperature control 
instruction based on a molding rate measurement acquired 
from the molding rate sensors 665. The five molding rate 

25 sensors 665 correspond to the respective transverse 
division areas for temperature regulation. 

The aforementioned configuration of this embodiment 
makes it possible to automatically control the 
temperature regulation means . 

30 Specifically, before the molding process for the 

ceramic sheet 8 is started, the heating medium 6 is 
circulated in each chamber 51 under specified initial 
conditions. The speed of the ceramic sheet 8 molded in 
the mold 11 is measured by the five molding rate sensors 

35 665. 

Based on the molding rate measurements, the sheet 
molding rate evaluation unit 66 determines which division 
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area should be increased or decreased in temperature, and 
sends the result to the heating medium control unit 65 as 
a temperature control instruction. In response to the 
temperature control instruction, the heating medium 
5 control unit 67 determines the flow rate of the heating 

medium 6 circulated in each chamber 51 thereby to control 
the flow rate control valve 63. 

As described above, the use of the molding apparatus 
and the molding method according to this embodiment 

10 permits the temperature regulation means 5 to be 

controlled automatically, by feed back, in accordance 
with the shape of the ceramic sheet 6 while being molded. 
Thus, the responsiveness and accuracy of the control 
operation can both be improved. 

15 The other functions and effects are similar to those 

of the first embodiment. 
(Eighth embodiment) 

This embodiment represents a case in which the outer 
diameter d of the extrusion screws 22, 23 of the screw- 

2 0 type extruders 2, 3 according to the first embodiment is 

changed and the resulting number of internal defects of 
the ceramic sheet 8 produced is measured. The internal 
defects are caused by the air involved at the time of 
extrusion molding. The number of large defects is 
25 visually measured through the sheet using a projector, 
while a small defect is measured by the transmission 
inspection using an X-ray micro focus. 

The measurements are shown in Fig. 14, in which the 
abscissa represents the outer diameter d of the extrusion 

3 0 screw and the ordinate the number of internal defects of 

the ceramic sheet 8. 

As understood from Fig. 14, the number of internal 
defects is proportional to the outer diameter d. This 
indicates that the larger the outer diameter d, the more 
35 likely is air to be involved at the time of extrusion 

molding, which air remains as internal defects. Also, it 
is seen that the number of internal defects is 
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satisfactory and not more than one per unit area (1 cm 2 ) 
for the outer diameter d of not more than 7 0 mm. 

As described above, according to this embodiment, it 
has been found that a ceramic sheet having fewer internal 
5 defects can be produced in proportion to the decrease in 
the outer diameter d of the screw. Utilizing this fact, 
a ceramic sheet used as an electrically insulating 
material, for example, is produced by an extrusion 
molding apparatus having the outer diameter of the screw 
10 as small as possible. In this way, a ceramic sheet can 
be produced in which the internal defects are fewer and 
insulation failure or cracking substantially does not 
occur . 

In each of the embodiments described above, the 
15 ceramic sheet of any of various materials or for any of 
various applications can be produced. Examples of 
ceramic sheets that can be produced according to the 
present invention include those used for a stack-type 
piezoelectric device used for an injector or other 
20 actuators, a ceramic sheet for the ceramic laminate of a 
stack-type capacitor, or other ceramic sheets each used 
as a single layer. Specific materials usable are PZT 
(lead titanite zirconate), barium titanite, zirconium 
oxide, etc. 



